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LONG-TERM GOALS

Thesererewinter stormcycle alongthe Californiacoastduringthe 1997-98EI Niflo-Southern
Oscillation(ENSO)focusedattentionon the variability, andrecentapparentntensification of the
wave climatealongthe WestCoast. Few instrumentalwave recordsexist beforesystematidouoy
measurementseganin the early 1980%s. The numberof large stormeventsreportedby Seymour
(1996)for 1982-83ENSOis conspicuoushgreaterthanearlierstrongENSO's during the 1940-
41 and1957-58winters(producedrom hindcastaisingmeteorologicatlata). This suggestshat
eitherthe effect of strongENSO’ on the wave climateof Californiahassignificantlychangedpr
thewave-climaterecordprior to 1980is seriouslydeficient.

Accurateestimate®f theWestCoastwave climatecanbeobtainedoy inversionof thedouble-
frequeng microseisnspectrunfrom broadbandeismometedata(Bromirskietal., 1999b).Anal-
ysesof NOAA buoy dataindicatethatthewave climateis very similaralongmuchof theCalifornia
coast(Bromirski et al., 1999aand 1999b),implying thatreconstructedvave measurementisom
the SanFranciscoBay areausingseismicdatafrom Berkeley, CA canbe extrapolatedo the Eel
River coastaregion, a studyareafor the ONR sponsore6TRATAFORM program.Analog paper
seismogramsrchived at UC Berkeley from 1930-1980can be usedto reconstructhe historical
wave record.

Quantitatve wave climatereconstructionfrom 1930onwardareimportantfrom two perspecities:

o Shelf sediment transport and deposition: Theresolutionof wave events,their spectrakcharacter
istics, andwave climate statisticsover time are necessaryo understanédindmodelthe processes
controllingthe formationandevolution of event-scalestratigraphyon the continentakhelf. Since
surfacewavesinducebottomoscillatoryflow thatis wave frequeng dependentinowing the spec-
tral characteof thewave climateovertimeis importantto understanéindmodeltheresuspension,
transportandredispositiorof sediment®ntheseafloor.

e Global climate change: Changesn thecharacteandoccurrencef extremestormsin the North-

eastPacific during strong ENSO's can be important. In this regard, wave reconstructiorfrom
Berkeley datawill be absolutelyuniquein termsof continuity and stability of the measurement
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systemandwill thusprovide anunbiasedecordof extremeeventsin the NortheastPacific. Re-
constructionof the winter wave climate prior to 1980 will establishthe variability of the wave
climateandthe magnitudeof ary intensificationthathasoccurredsincethe mid-19705.

OBJECTIVES

Quantitate estimate®f wave enegy andclimatechanggrom archivedseismogramsequire
digital datafor spectralprocessing.However, digitizing scannedanalogseismogramsising the
availableversionof digitizing software(NXScan V. 8.1) from the Berkeley SeismologicalLabora-
tory (BSL) wasextremelytime consumingmakingthe digitization of large blocksof datainfea-
sible. Thegoalof this proposalwasto modify NXScan V. 8.1 andsubstantiallyimprove digitizing
efficiengy with theaim of digitizing winter monthsduringthe 1940-41and1957-58El Nifio’s. Af-
ter determiningthe instrumentresponsdéunctionandcalibrationconstantgo corvertthedigitized
datafrom digital unitsto MKS, inversionof the microseismsignalsin thesedata(following the
methodologyof Bromirski etal. (1999a))will give estimatesof wave climate parametersliuring
theseearlier wintersto be comparedwith the buoy-measuredvave climate during the 1982-83
and 1997-98EI Nifio’s. Resultsfrom this demonstratiorstudy will shav the feasibility of the
seismicanalog-to-digital-to-wave climatemethodology The next stepwill beto scananddigitize
theremaininganalogseismogramfrom 1930onward sothata completewave recordcanbe con-
structed.Fundingfor this effort will berequestedrom ONR in thefuture.

APPROACH

Functionalimprovementsof NXScan V. 8.1 wereneededo enablemore efficient digitizing.
Developmenobf softwaremodulesdealingwith timing markgaps traceintersectionandoverlaps,
anddigitized outputtime managemenivere necessarySoftware developmentwasdoneby Sara
E. Mason,a seniorundegraduatecomputersciencemajor at UC SanDiego. NXScan V. 8.1 was
unstable producingcoredumpsin variousinstancesFirst, codestability wasimproved. Next, to
moreeffectively assessnodificationsby improving easeof use,the GraphicalUserInterfacewas
overhauled.

Scannedseismogramsor portionsof the 1940-41and 1957-58time periodswere obtained
from the BSL archves. Thesescannedmagesare storedas“tif’ images,andthencorvertedto
rasterfiles for digitizing with NXScan.

Eachscannedmage generallyconsistsof forty-seven thirty-minute tracesand two partial
tracesat the beginning and end of eachday. One-minutetiming markscausesmall gapsat the
endof eachminute(Fig. 1). Digitizing theseday-longimageswith NXScan V. 8.1 washampered
by the necessityof manuallysetting“control points” at both sidesof mary of the timing mark
gapsandalmostall traceintersectionsaswell aswhenearthquaksandothertransientccurred,
makingthe digitizing processxtremelytime consuming.Traceintersectionsandoverlapsoccur
regularly whenhigh amplitudestormwavesarrive at nearbyshorelines Becausaligitizing these
datais critical for the determinatiorof extremestormoccurrenceandcharacteristiceind climate
changeanalysessoftware modificationto automateraceimagetrackingas muchaspossiblein
thesesituationswas necessary The necessityof settingcontrol points at gapsandintersections
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wassubstantiallyeliminatedwith analgorithmthatusesacombinatiorof backwardtracking,trace
imagethicknessandslopeestimatesrom precedingligitized pointsto constrainthe forward dig-
itizing search.Incorrecthandlingof traceintersectionsaswell astiming mark discontinuitiesjs
easilyidentifiedby visualinspectionof the projecteddigitizedtraceoverlayingtheraw imagedata
(seeFig. 1) prior to downloadingto anoutputfile.

Figure 1: A 2-minute portion of the seismogram for Dec. 6, 1940 viewed with NXScan V. 9.0
shows the trace variation observed in pre-1962 seismograms. The full seismogram image is shown
at the top, with the expanded viewing area shown below outlined in red. The scanned traces (thick
white lines) show examples of one-minute timing mark gaps and adjacent trace intersections. The
projected digitized traces (thin red lines) successfully track past these irregularities.

WORK COMPLETED

Significantprogres$asbeenmadein improving NXScan V. 8.1 for digitizing scannedeismo-
gramimages.The modifiedcode,NXScan V. 9.0, is substantiallymoreefficient thanthe previous
version,with digitizing acrosgiming markgapsandtraceintersectionautomatedn almostall in-
stances.Thelong-periodWilip-Galitzin seismometeat Berkeley (that producedhe seismogram
in Fig. 1) wasreplacedwith a long-periodSprengnetheseismometem 1962, with subsequent
seismogramsaving a thinnerpenwidth that makestrace-imagerackingmoredifficult. Further
software developmentis requiredto efficiently digitize post-1962seismogramandto automate
digitizing acrosgraceoverlaps.Digitizing scannegre-1962seismogranimageswith NXScan V.
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Figure 2: Power spectral variation of digitized seismograms during Dec. 1940, not corrected
for either instrument response or calibration constants. Thin vertical white stripes indicate either

missing data or time periods where the scanned image quality was not adequate for digitizing,
generally at trace edges.

8.1 requiredaboutl5 min (or more,dependingon imagequality) per30 min trace.NXScan V. 9.0

requireslessthan30 min per day-longseismogran{48 tracesin pre-1962seismograms)a very
significantimprovement.

RESULTS

A scannedseismogrammagefor Dec. 25, 1940 viewed with NXScan V. 9.0 is shavn in
(Fig. 1). No control pointswere neededo successfullynavigatethe timing mark gapsandtrace
intersectionsshavn. The temporalvariation of raw spectrallevels for digitized datafrom Dec.
1940(Fig. 2) shavstwo enegy concentrationgbeginningon Dec. 6 andDec. 8, respectfully)that
are characteristiof double-frequeng microseismghigh amplitudeenegy in the [0.09,0.25Hz
bandattwice thewave frequeng). Thesesignalsresultfrom wave-wave interactionsatthearrival
of dispersedyravity waves (swell) from two stormsat nearbycoastallocations,with the spec-
tral variationobseredin Fig. 2 similar to moderndigitally-recordedseismicdata(Bromirski and
Duennebier(in press)Bromirskietal. (1999a)).Associategrimarymicroseismatthefrequengy
of thewavesarenot clearlyidentifiablein the[0.05,0.09Hz band,probablybecause¢hesespectra
do not include an instrumentresponsecorrection(not yet available). The Galitzin seismometer
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thatrecordedhesesignalshasa naturalperiodof 12 sec,causingthe peakin theraw spectranear
0.1Hz to beelevatedrelative to 0.06Hz and0.25Hz levels. However, thecharacteof thespectral
variationobsered andthe percentagef the datadigitized indicatethatthe NXScan codemodifi-
cationshave beensuccessfulandthatthesedatacanbeinvertedto obtaingravity-wave parameter
estimatesat a morethanadequatesamplingdensityto enablequantitatve characterizatiomf the
wave climateprior to 1980wheninstrumentabuoy measurement@reunavailable.

IMPACT / APPLICATIONS

Reconstructiorof the coastalwave recordis importantto the Stateof California. Analyses
of thewave climateoverthe pastdecadegusingmeteorologically-basedkconstructionandbuoy
data)shav major upward trendsin large, long-periodwave episodesgspeciallysincethe mid-
19705 (Seymour, 1996). Becausehesetrendsobviously have importantimpacton designcriteria
for coastalconstructionpeachnourishmentindevaluationsof coastalerosion,wave climatedata
from earlierdecadesvill beof significanteconomicvaluefrom both“design-wave” andinsurance
liability perspectiesto establishwhetherthe obsenedvariationin recentdecadess in factalong-
termtrendor cyclicity attime scaledongerthanthe currentlyavailablewave record.

RELATED PROJECTS

Tide gaugedatafrom 1858 onward from SanFranciscoBay is currently being studiedwith
fundingfrom the CaliforniaDepartmenbf BoatingandWaterways. Thevarianceof non-tideresid-
ualsshows “storminess’cyclesontime scalesof 10-20yr (BromirskiandFlick, 2001),consistent
with other climatologicalstudies(e.g. Trenberthand Hurrell, 1994; Graham,1994; Schneider
et al., submitted). Extendingthe wave recordbackward to 1930 from inversionof microseism
datawould help characterize¢he wave climatevariationobsered during the last 25 years. Wave
climatedatashoving decadal-scaleyclesin long-periodwave enegy would validateresultsfrom
tide gaugedataandotherclimatologicalstudies andprovide valuableinformationfor coastaplan-
ning.
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